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■ ">: !> " > this application^claims priority to U.S. 

! -uau-t I**, the entirety of which 

60/096, 032, filea nugu.t - 
xs incorporated by reference herein. 

FIELD OF THE INVENTION 

This invention relates to the field o P 
forestry plant transformation, and mineral 
breeding, forestry, pxa transqe nic woody 

,+-, nn More specifically, a transgenx 
^Inn^'plant Jpro-ea, having imP ,ove d 
metabolism. 
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Various scientific and scholarly articles are 
* + in brackets throughout the specification, 
referred to m brackets y herein to 

are incorporated by reieien 
These articles are mc p inV ention 
describe the state of the art to which this 

PSrtainS * Plant growth and biomass accumulation are 

depend nt on the r ^^^^L . K-ogen 

assimilation of nutrien vege tative 

is one of ^e^rxncxp nisms are capable of 

production. Only a rew • (N ) to a form 

reducing Secular a»sp h e rl c M tr <*) t 

usable by the plant. Plants ^hemse Was are - 

thls . Mthough Plant, can_ut e "^.^^ 

r^;«c "p-« = - 

nit rate and ammonium from the assilila te 

In forest trees, the capacity t s 
nitrogen is of particular significance.! ^ 

• i inna-lived species, most of -~ne n-u . 
of perennial, long uvea v . soil . Th e 

fixed in Irving tissue and is not m the soi 

rr;;::r;rc;i i ;r R ::: *» 

limiting factor to tree g Fore stEcosjzstem, 

Reicne Dn. ved, ki£^ Cambridge) . 

pp 341-409, Cambridge University Press, c 
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be very u»etu- . »• , n „. h ie for fodder ana 

poplar trees are also very valuable 

industrial wood production the 

Assimilation of nltro « e " Y ^ incorp oration 

eduction of nitrate to -„ru» and « , ^ 

into carbon skeletons. -™ catalyied by 

org amc nitrogen mainly through ^ ^ ^ 

glu tamine ^ th f^ J^^tUn, glutamme, is then 
from the product of the GS qlu tamate 
transferred to glutamate by action of g 

, rnr7AT . E r 1.4.7.1 and 1.4.l.J-^- 
synthetase (GOGAT E lmportan ce, sine, 

metabolic pathway is 

famine and ^f^^ gaining compounds, 
biosynthesis of «» n ^ uc , 5 eotide= , chlorophylls, 
including ammo acids nuc ^ i980< In 

polyamines, and alkaloids < ! 5 pp . 

pi f lin Bo \ea, 

~r z rcL:rst;y Lo :r .cuiar r - 

GS/GOGAT cycle has been — , £ 
ke y role these enzymes play in P » .» ^ Genet 
development (Crawford and Ars ^ ^ ^ 

" !ll5 -i";. I t: 9 e -5 9 3 GS is encoded by a small family 
Mol Biol 47. 569 5«» enzyme is repre sented 

of homologous nuclear ^ ' in the cytosol 

by two mam Octameric GS 

and GS2 is a chloroplastic enzym compositions , 

holoenzymes also am^ — - most 
GS1 1S censed of P^VPeP * - - of 38 4^ 
plant species, whereas the size 

polypeptides is about 45 ^ ^ are now 

The physiological roles oi 

n ^tablished in angiosperms (Lea, 
r elatively -^- e ; abl ; d S s) £iM ^che m ^, PP • ^ 
De y PM, Harborne uB (eds — - ^ is 
^- academic Press, San Diegoj rp .™«,ible 
^'res'sed in photosynthetic tissues ana r» «,p-.~ 
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for the incorporation of ammonium from nitrate 
assimilation and photorespiration . GS1 - mainly 
asSim . 1ar ^ pme rt = and functions to generate 

expressed m vascular element, ana 

alutamine for nitrogen transport wimn th. p.-n- 
5 Approaches to modify levels of key enzymes 

involved xn steps in carbon and nxtrogen assimilation ana 
TXaly metabolism have been considered as a means to 
^rovl vegetatxve growth and biomass 
and .errano, l^^oche^ So -2 ; 
.0 the references therexn) . All tne transgenic 
pnaineering of the nitrogen assimilation using 
engmeerxny herbaceous species (e.g., 

plants has been done m annual, herbaceous P 
tobacco, Lotus cormculatus L.). Increases m protein 
content and biomass production have been report^ 
,5 transgenic tobacco expressing a pea GSl gene (Coru.zi, 
15 r^s! international Application, Patent Cooperation 

™' — constxtutxveiy-expressed 

GS t ransgenes has been -P"^^^ ^osoUc 
- transgenic herbaceous plants whxch over-e.pre. 
" GSl fail to exhibit changes in protein, chloropny.x .r 
Gbi ian Genet 
biomass production (Eckes et al . , 1989 Mo 

i ^ =i 1 992, Plant Mol oioi ^.u. 
217: 263-268; Hirel et al . , 1992, 3l5 -325) . 

i Q f ,1 1993, Mol Gen Genet 236. J15 = ; 

25 2 ^^i« -y - due to the ^stability - - 

holoenzyme in a heterologous system and/or to the 
differed plant speoies used in the ttanstot.at.on 

StUdiSS ' The effects of GS over-expression may be unique 

a «= romoared to herbaceous 
™ in the woody perennial species, as comparea 

Annual species. Woody perennial specie: ; unrgue tore 
assimilated nitrogen durrng periods of 
growth conditions, such as would occur rn winter In 
poplar, for example, assimilated nitrogen can reside as 
35 vegetative storage proteins ,VSPs, . VSPs can be 
" mobilised to support development during active growth 
IRy an and Bormann, 1982, Bioscience 32: 2 9 " 3 -^ 
synthesis of seasonal VSPs in poplar is depend..- ... 
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nt.l factors, mclud.no photoperiod and nitrogen 
environmental tactors,, u . B. 

avarlability (reviewed in Coleman, 199 , 

Klopfenstem '«^^ £jMiMaEln ^^ 

Hii^EE2Eia*i^^ , PP 124- 

md22^1^2iml^: Gen. Tech P station, 
130 , Koc.y Mount - - a d Ka „, P ^ ^ ^ 
For t Collins). Since spring leman e t al., 1993, 

correlated with nitrogen recycl in JColem ^ 

Plant Physiol 102: 53-59, and ^ and van 

, ^ 4 n cnrinq xylera sap i^ ULCJ - 
acid transported n sp Y ment of nitro gen-use 

Cleve, 1992, Trees 7. 2b eXD ression could 

3C a result of ectopic GS expressxu 
off inencv as a reb ^„y- 
affect the availability of reduced nitrogen for 

initiation of rapid spring growth ^ cQmpared 

The slow growth ot wooay y 
to neroaceous annuals may also ma.e the effect of 
to herbaceo arowt h and physiology 

over-expressxon on plant gro tively slo w growth 

unpredictable. Because of thi P 
rate a particular enzyme or metabolic p 

^ art growth and development may be quite 
xnfluence plant grow herbaceous plants. 

dif ferent than that of fast gro g ^ 

Thi s may be ^^^^ in assimilation and 
engineering a".-^^ r ^ ving wide-spread effects 
primary metabolism, therefore 
on plant development. 
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, THE INVENT pro duction 
The present invention relates to tn » 
of transgenic Lody perennral P-^ng -r ved 
nitIC ,en metabolism dt .e to easier ^ 
transgenes, comprising tne y d 3 , 

synthetase operably linked tc , app o late^ ^ 

"rr'^to irrrg ihe egression of glutamine 

irLch^lants, thereby improving .numerous^ 

^mir^i and environmental leauuj-c 

r.r lc .u=r. t^uty «, grow on 

IZ, or "row optimally with minimal additions of 
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a -in i-he^e transgenic 

plants delude * .« or " p^^ ^ 

fdS , g , , v -i-v fruit, seeds and toliage. 

nutritional qu^i.y — t 
One aspect of the invention is P 

5 -in ,n. er the level and 
express.cn cassette that wrl alter the 

10 =ation of olutemln, synthetase » svnthetsae gene 

expression cassette courses a ^ ^ odiM nts, 

operably linked to a promoter IP petm , the 

10 th e gluta.ine synthetase gene ^ IZs. In other 
g enus P,,. ^e spec e J 

preferred embodxnents the mQsalc virus 3 oS 

ad drtxonally comprrse the caul preferred 

promoter and the NOS ^ato- ^ ^ 
« e-oodi—te the "P^^o Genbank Accession No. 

that is at least 10, ldent J 10S , simi lar to 

X69 S22, encodes a protein - to Genbank 

G enOan K -cessron » o. 9 e ; V ^ ^ 
Accession hu. XbyBz-~ * - 

20 Genbank Accession No. ^69822 _ s a vector 

Another aspect ot tne i ferre d 

raining t -;- r ^ i ; n i ;:: S n ba ;;e//u, binary vector 
embodiments, the vector .s a g ^ the vector 

and P BIN19. In another P ref *" n codi ng 

25 comprises the neomycin phosphotransferase 

sequence. invention is a method for 

Another aspect of the i n ^ ro aen 
, r . r ^ ^ a nt with improved nitrogen 
producing a transg.n.. ^ fchfi 

metabolism by transforming a_plant 
3 0 aforementioned expre s o ^ ^ ^ 

embodiments, the P lant a hybrld Populus 

family Salicaceae, m the genus P ^ 

7, y P alba, and clone INRA >H - B4 or 
trexnula X P. al^, ^ preferred 

Populus tremula X P. alb eraum tumefaeiens 

^ fhP method uses Agror>acL^x 
35 embodiments, the met conta ining the 

and the Agxobactenvm binary This aspect 

< „ ov^r»ssion casbeLtc. 

glutamine syntnet d3C ex ^ r -^ 
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includes a transgenic plant made by the method and a 

reproductive unit ^ '^en^on is a transgenic 

, toother aspect of the _nve 

' ,, nriv DG ^er\ial olant with improvea nitrogen m_ 
woody pe.eniy tran sgene expressing tne 

which comprises at least one ^ra y preferred 
coding sequence of glutamme synthetase. In prefe 
embodiments, the glutamme 

frnrn Pinus sylvestris, and is GenbanK 
9y "° SP I 9 in other preferred embodiments, 

Accession No Sa ii C aceae, the 

0 the transgenic , . ant n x ? ^ ^ 

Hie 7 7 -B of the hybrid Populus trem^a X P. 
lib!! This aspect additional includes a reproductive 

■ i_ fr . OTn the transgenic plant, 
-it from th. J ^ ^ ±g a 

" woody perennial that exhibits a growtl ; rate ove ; : the 
first two months in the greennou,. u»a. ~ a 

-v, n that of equivalent untransf ormed plants. In 
greater than that ot equx . Uv exhibits a 

fe ,rPd emb-^iment, the plant additionally exnio 
» preferred enu-— L - i ' ^ n pa 

" --J^rnTar^e^^Inr^t^ord'plants 

preferred embodiment, the transgenic V 

t l\, a chlorophyll concentration (g/gf«) that is at 
T.l greater than that of equivalent untransf ormed 
" r alter the first XX months in the greenhouse. In 

c Z P fl r d embodiments, the plant is in the family 
other prefe Popul u S , a hybrid of Fopul"* 

Salicaceae, in ,he gen.s P _ 
tremula X P. alba, and is clone INPA 717 
30 hybrid Populus tre^ula X P. alba. "£ ct 

additionally contains a reproductive unit of the 
transgenic plant. 

other features and advantages of the present 
nil be better understood by reference to the 
35 invention will be better OV3mrj i e s that follow, 

drawings, detailed description and examples 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FigU re 1. Strategy for transformation of 
h „ D .< d poolar (Populu, tremula X P. alba [ INRA 717 1-B] 

, ;„m M-me^ac-ns ( LBA 4404) containing th« 

wl th Agrobacterium L wne.ac„r blur .t- -ended 

D . ,r, rqn b/e* represents a fciun- 
5 binary vector P Bm35SGSp. B/h P indicate the 

Ba^HI/EccRI site. The arrows in P Bin35SGSp indicat 

.4.- „ f r^MV 35S-GS-NOS and nptll 
sense of transcription of CaMV m> 
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(co lu m n X, Td transgenic trees (column ^ Rafter 
the plants were -oved to * » ^ 

represent the 22 transgenic lines. The height 
of 5 controls and 78 transgenic trees were measured „ ter 
of b contro average height of 

2 Months in ^ ^ in the greenhouse 

the 22 transgenic lines alter 
was 7 6% higher than the controls. 

, ^ b ^~v^ nf control and transgenic 
Figure 3. Neu 11^- ~- 

*' r *t 6 months in greenhouse. The 
plants during tne f.rst 6 mo ^ transgenic plants 

heights of a total of 5 ~£ro ^.^ 
were measured weekly. Square dara p 

r,^ lines- diamond data points, line « a, 
of 7 2 transgenic lines, u-lo.ii 

one of the fastest growth transgenic lines; and 
triangular data points, average height of 5 centre 

plants . 

DETAILED DESCRIPTION OF THE INVENTION 

t Definitions. , 
parlous terns relating to the methods and 

thP nresent invention are used 
compositions of the presen speC ifications and 

hereinabove and also throughout the speciti 

ClaimS ' various terms relating to the biological 
.olecules of the present invention are u^ her^. 
and also throughout the specifications and cl.xms J h 

™^ u n nprr ent similarity dilu 
terms "substantidny -n^ ~<* 1LC ' 
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+-^v" are defined in detail below, 
"percent identity are aei 

With reference to nucleic acids of the 

wix.ii iei H „ -; s sometimes 

^nn the term "isolated nucleic acid is 

invention, tne l^j-iu ^i,-. r>NA refers to 

, ^erm, when applied to genomic DNA, ^ 

USe °' ^ ^ that is separated from sequences with 
5 a DNA molecule that is sepc* 

which it is immediately contiguous (in the 5 and 

„ inserted into a vector, such as a plasmxd 

or integrated into the genomic DNA of a 
rXUte r eLryote. - "isolated nucleic acid 
molecX" may also » PriS e a — !e or a 

synthetic DNA molecule. invention, 
,5 With respect to RNA molecules of the i 

the term "isolated nucleic acid" primarily refers to 
tne neim .^T^pd DNA molecule as 

r: mo r::r n -^lu-;:- te r m may re£e r r a , 

defined above. ^-lu^ ^n^rated from 

module that has been sufficiently separate 

20 M molecu!es with -M* « -u d ^so. _ ^ 

natural state (i.e., in cells o 

e „ b e co^ed using colter ^ ^ 

GeMU " " rs us ed (gap creation penalty-12, gap 
de£ault param used g P ^ ^ 

30 ~d /oTe used'heiern to compare sequence rdenUtv 

and similarity. . tantiall v the same" refers to 

The term "substamidi^ 

■a cAnnpiices having sequence 
nucleic acid or ammo acid nature of 

35 variations that do not materially af ■ t 

the protein < i . e . the structure , thermo ^ i« 
characteristics and/or biological act1 ^ 
prot ein, . With particular reference to nuclei ... 
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x. ■ -hkc cpttip" is intended 

the term "substantially the same 

r U he co dil)g K?1M and to conserved sequences 

codons encoding the same ammo add, or a.ter - ^ 
, encoding conservative substitute ammo acid, m 

needed poiypept.de. Wit h reference to ammo J ; d 
the term "substantially the same refers 

;::::Xto ^/or v-ao, 

in regions of the polypeptide not involved xn 

0 determination of structure or function. 

° The terms "percent identical" and "percent 

similar" are also used herein in comparisons among ammo 
similar ai= =■ referring to ammo 

acid and nucleic acid sequences. When ref err g 

acid sequences, -percent identical" "^"^^'^ 
5 of the amino acids of the subject ammo acid 

that have been matched to identical ammo acids in the 

. , P „„»„,-e by a sequence analysis 

compared amino »o.d se - by ^ ^ 

program. -Percent similar reters t h 
„l acids of the subject amino acid sequence that 
,0 been matched to identical or conserved ammo 

conserved amino acids are those which differ m s ^~- 
but are similar in physical P^«^"~* £ ^Lnge 
exchange of one for another would not appreclab 
the tertiary structure of the resulting protein. 
25 conservative substitutions are defined in Taylor ,1986 

a ". Biol. 119:205). When referring to nucleic a id 

ineui ., t..^,, r pf e rs to the percent of 

molecules, "percent identical refers * _ nce that 

. he .uMPotides of the subject nucleic acid sequence 
£ve"been -atched to identical nucleotides by a seguenc. 

30 analysis program. t a 

The term » ectopic expression refers to a 

^liniar cell-type, tissue-type and/or 
nattprn of subcellular, lsh > 

a.v opmental or temporal ( e . g . , light/dar,, expression 
that is not normal for the particular gene or enzyme in 
3S q^est L such ectopic expression does not necessarily 
delude expression in norma! tissues or developmental 

Stag8S ' The term • overexpression" means a greater than 
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normal expression level of a gene in the particular 
tissue, cell and/or developmental or temporal stage for 
the gene. Such overexpression results in 

* overproduction" of the enzyme encoded by the gene, which 
5 means a greater than normal production of the enzyme in a 
particular tissue or cell, or developmental or temporal 
stage for the enzyme. The terms 'underexpression" and 
-underproduction" have an analogously converse meaning, 
and are used interchangeably with the term -suppression . 

in regards to the present invention, 
•equivalent plants" are ones of the same genotype or 
cultivar, at the same age, and having been grown under 
the same conditions. In the case where one is a 
transgenic plant, the equivalent plant may be transformed 
by a similar DNA construct but without the glutamme 
synthetase transgene, or may not be transformed but 
regenerated from tissue culture. 

in this invention, the term "promoter" or 
"promoter region" refers to the 5' regulatory regions of 
a gene, including promoters per se (e.g., CaM^/ 
promoters and/or tetracycline represser/operator gene 
promoters), as well as other transcriptional and 
translational regulatory sequences. 

The term "selectable marker" refers to a gene 
product that confers a selectable phenotype, such as 
antibiotic resistance, on a transformed cell or plant. 
Selectable markers are encoded by expressible DNA 
sequences, which are sometimes referred to herein as 
"selectable marker genes." 

The terms "operably linked", "operably 
inserted" or "operably associated" mean that the 
regulatory sequences necessary for expression of the 
coding sequences are placed in the DNA molecule m the 
appropriate positions relative to the coding sequence so 
35 as to effect expression of the coding sequence. This 

same definition is sometimes applied to the arrangement 
of coding sequences and transcription control elements 
(e g. promoters, enhancers, and termination elements) m 
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an expression vector. 

The term "DNA construct" refers to genetic 
sequence used to transform plant cells and generate 
Progeny transgenic plants. At minimum a ~ 
; comprises a coding region for a selected gene product, 
operably linked to 5 ' and 3 • regulatory sequences ror 
expression in transformed plants. In preferred 
embodiments, such constructs are chimeric, i . e . , the 
coding seauence is from a different source one or more 
the regulatory sequences (e.g., coding sequence from 
tobacco and promoter from cauliflower mosaic virus 
However, non-chimeric DNA constructs also can be used 

DNA constructs may be administered to plants m 
a viral or plasmid vector. Other methods of delivery 
such as Agrobacteriu. T-DNA mediated transformation and 
transformation using the biolistic process are also 
contemplated to be within the scope of the present 
invention. The transforming DNA may be prepared 
according to standard protocols such as those set forth 
in Ausubel et al . (1998). A plant species or t a 
ma y be transformed with a DNA construct (cnimeri, or no. 
chimeric) that encodes a polypeptide from a dxfferen 
plant species or cultivar (e.g., poplar trans ormed with 
a gene encoding a pine protein) . Alternatively a plant 
25 species or cultivar may be transformed with a DNA 
construct (chimeric or non-chimeric) that encodes 
polypeptide from the same plant species or cult var^ The 
, e Z nransaene" is sometimes used to refer to the DNA 
construct within the transformed cell or plant 
, n m accordance with the present invention, 

nucleic acids having the appropriate sequence homology 
with the nucleic acids of the invention may be identified 
by using hybridization and washing conditions of 
appropriate stringency. For example, hybridizations may 
35 be performed, according to the method of Sambrook et al 

19 B9, McttCi™^ Cold Spring Harbor Laboratory), 
using a hybridization solution comprising: 5X SSC, 
Denhardt's reagent, 1.0% SDS, 100 ug/ml denatured, 
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nNA o 055' sodium pyrophosphate 
fragmented salmon sperm hybridisation is carried out at 
and up to 50% formamide. Hybrid hyb ridi nation, 

filters are w«he. a- minutes at room 

5 temperature m 2X SSC a min utes-l 

ov cr^r and 0.1-5 bu^, 
temperature m 2X s.c an hQurs at „ 2 _ 

hour at 3 rc in !X SSC » ^ solutlon ever, 30 

65°C in IX SSC and 1* SDS, cn a y 

minutes. calculating the 

one co-» e ° o C hieve hyb ridication 

stringency conditions required t sequ ence 
between nucleic acid molecules of a spec 
homology .SambrooKet al . , 
15 T . 8 , 5 .c + 16 .eLo g( Na^0.4U%<KC ) -0,3 ( %— »»*»^ 

„f the above formula, using [Na+1 = 
As an illustration of the abo t o£ 42* and an 

,0.368) and 50* formamide, with GC cent 
l„ praa e probe size of 200 bases, the^T.^ ^ ^ 
20 0 f a DNA duplex 1 ; ' ° wit ; gr eater than 

decrease in ^"^'^ be observed using a 

about 75% sequence identity 

hybridization temperature o * • ' and wa sh 

The stringency of the hyori 

• n ™ th P salt concentration and 
25 depend primarily on ^ general, to maximize 

temperature of the \^ its target, the 

the rate of annealing of the pr ^ ^ 

hybridization is USUa ^ a ^ 20 _ 25 * c belo w the 
temperature conditions that are ns shouid be as 

30 calcuiated T. of ^ of identity of the 

stringent as possible for conditions are 

Probe for the target. In ^ ' q0c beloW the T . of the 
selected to be approximately 12 2 ^ 
hybrid. m regards to the nucleic ac ds o ^ 
35 invention, a moderate . stringency sQlutlon , 0 . 5% 
as hybridization m 6X S.C ^ and 

SDS and 100 ug/ml denatured salmon ^spe ^ a 
washed in 2X SSC and 0.5 6 SuS a. - - 
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hig h stringency hyhr idi .ation is defined as ^i-^ 
in 6X SSC, 5X ^ardt's solution 0^ SD ^ ^ ^ 

denatured salmon sperm DWl at « ' and 

- r c« qns ^5°C for 15 minutes. a very y 
and 0.5^5 SJJb a^ u„hrirli zation m 

5 stringency hybridization i, . define as yb a ^ 

« SSC, 5X ^"'^^Jc and washed in 0.!X 
denatured salmon sperm DNA at , 

^ o ^ c DS at 65°C for 15 minutes. 
SSC and 0.5-s blJb aL 
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11 ' """"^eaent invention provide, a transgenic 

The presen d nitr ogen assimilation 

woo dy perennial plant with altered 9 relates 

a nd/or -iii^ion; - P«t t nTOiMd ^ ^^^^ 

5 to altering the activity engineer trees 

assimilation and utilization in orde to 9 

ui th better growth ^"^"f^"' ^ er< be tter 

nutritionax 

20 Yield ' A particularly preferred embodiment of the 
invention, which is described in greater detail m 
ExampL 1 comprises poplar trees engineered to 
ectop cally ever-express glutamine synthetase ( GS, . 

25 Poplar was transformed with * g ^ated m 

presence transae ne expression was also 

G gene ,' • Til selected poplar lines, and high levels or 
detected m all selected p P tissues Q f transgenic 

r<5i ttiRNA were shown m leaf tissues, 
30 pme GS1 mRNA wei detected both 

p lan ts. The pme GSl^lypep as^ ^ ^ 

in leaf regions enriched p loles) , indicating 

blades) and in vascular elements P tl 

that the gymnosperm GS1 transcrip s are ««' * „ 

35 processed by the ^^ "^ftZ^c GS expressio 
is worthy of particular not ^yt ^ elemen ts, 
in angiosperm leave: , x con - ^ ln pQp] 

and therefore pme GS is ectop 
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The presence of the pine GSl polypeptide 

f transgenic poplar suggests firstly that 
young leaves of transgenic^ P hetic cells . 

r h P pine GSl protein is stable in p 

pr . OD ^ expression of the pine Gsl ^ 
Moreover, ec.op^ ~P ^ . n the capacity 

transgenic poplar 1 ^ glutamine biosynthesis, 
for ammonia assimilation and g ^ ^ 

These findings demonstrate that pine 

assembled in functional nonenzymes - ^ the 
tissues of transgenic poplar, even tissues whe 
tissues GS is not normally expressed. 

^^^^^Totr-noted «es in CS1 e^e,^. in 

pop lar are accompanied "^"^Td^ion,. 

■, i nrT eased growth and increased 

deluding ^creased g transgen ic poplar leaves 

The increase in GS actl ^ lty pro tein and 

is positively correlated wlt ^„ P ^ ^ 

chlorophyll accumu a n Th ^ ^ ^ ^ ^ ^ 

expression of cy - ning mole cules and, 
the synthesis of nltr0 * e Qn plant development, 

therefore, produces a global effe here inabove 
The experimental results descr 

•^h the oresent invention are the first 
in accordance with the preS ^ efficiency in 

demonstrate the increase in nltrog ^ ^ e involve d 

^ trees bv overproducing a key enzyme 
transgenic trees by o P lts are surprising and 

in nitrogen metabolism. These ^ 

a for several reasons. First, i-ue 
unexpected for S e unexpecte dly high, nearly 

transformation ^fic^ncy for simi lar 

100%, as compared with 15-20, efficie 
"transformations reported in other woody plants 

condly, the unusual accumula ^ 
ph otosynthetic trssue of poplar could not ha 
pr edicted from the normal ™ ^ ^ while not 

^J^r? i-r z a-nTay >e 

transgene as explained below. plan t-wide 

Most significantly, however , the pl * < n 
imp rovement in growth rate and productivity obs—d _ 
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, M as a result of altering the glutamine 
these results, tne e y ^ 11n i ar environment may 

encoding gen. . * .J «.io r - £££ ^^^^ 

^ir^" .^t p— r: -. c - enzyme 

hhp heterologous GS1 gene uj- 
instance, the net g latory mecha nisms 

ma y circumvent possible a possibility 
affecting the endogenous GS enzyme^ expressed , 
is th at the gymnosperm en zyme m be be ^ ^ ^ 

S - ble ° r t intrinS Th s UKely in view of the fact 
angiosperm protein. Th chlorop i aS tic enzyme is not 

that, in gymnosperms, the GS2 chl P ^ 

a c= n the GS1 enzyme may nave 

mRNA sta b mt y , ^^t ;^ t h . 

In an.iospenn plants represents a 

a\/mno sperm o^- ^it^oaen 
new a novel approach to the improvement o. ..-t- 

me tabolis m . accordance with the P"""* 

rosette for altering the 
-; <- an pynression casseuue j-v-^ 
invention is an expreb ce lls. The 

le vel 0£ ^-^r b :"U n t P o ^u^te nitrogen 
expression CM ^ a preferred ento o d lment, the 

metabolism m plants. P sequence of a 

— sr:^ 0 ^.^ ^ « a 

gymnosperm gl- am syJv estri= 
promoter . While the »» ^ ^ ^ in 

glutamine ^ f^^^ that a n Y gymnosperm 

Example 1, it is cuuu ^ achieve similar 

glutamine synthetase gene can be used to achi 

n , Tn a more preferred embodiment, a Pmus 
re sults. m a mor P ^ . g used . In a 

glutamine synthetase gen ine synth etase gene 

most preferred embodiment, a glutamine 
from Pinus sylvestris is used. 

xn another preferred embodiments, the 

■nn" cassette contains sequences that are 
expression casseLue 



35 



PCT/US99/18267 
WO 00/09726 

-16- 

, the to the pine GS1 coding sequence. Because each 

ri is encoded by several codons, a protein 
ammo acid is encodea encoded by many 

, „ ■ t t-o Pinus sylvestris GS1 may db 

3 a srmilar enzymatic function to GS1 n /e ; f of 
dl£fer ent amino acid sequence through the sut s 
structurally similar amino acrds *n«efore 
sequences that are similar yet not xdentrcal to 

- ™i »r« contemplated in regards to the pie 
sylvestns GS1 are con P the expressio n 

0 invention. In a P«^« ce 1S at le ast 70% 

vector comprises a nucleic x698 o 2 T he nucleic 

■a nHral to Genbank Accession No. 

identical to Gen ident ical in a more 

acid sequences are at leas 8 identical in a 

P-ferred en^odiment and at ^ eIt ^ odime nt, the 

« = nrpferred embodiment. In anotnei 
15 m ° St P ^ "sette contains a coding sequence which 
expression cassette c ^ 

encodes a protein that is at xe* des a amino acid 

M ~ vfiQR?2 The sequence encoaeb 
Accession No. X698^. ^ pre f erred 

_ . ha+ - ^ a t least 80% similar m a more p 

. *r least 90% similar m a rao S u p.e._ 

20 embodiment, and at least expression 

.nnfhpr embodiment, unt; 
*rU» t: the nucieic acid in Cen.an* 
recession No. ^S22 under coupons o »o er ^ 

^ =, nrpferred embodiment, hign y 
stringency in a P re ^re . h stringency in 

25 a more preferred embodiment, and very 

most preferred embodiment expressing a DNA 

Fxoression cassettes for expressn y 

"~-t-d plant cells comprrse a DNA sequence 

sequences in se^a.u p- - _ 

interest ^^latory'^nclti and 3. 

30 promoters and translation. preferred 

e^odrment, the codin > J ul cons titutive 

synthetase gene » placed ^ ^ 35s 

promoter, such as th caulrfl cont e m plated for 

35 promoter. Other constrtu rv P ^ ^ 

gwo t'osarc vrrus 35S promoter, T-DNA — rne 
Tynthetase, nopaline synthase COS, and octopme „...h... 
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(0CS) Pro-t"- ^ caggetteg ^ express OS per m 

, .- n , n . svnthetase gene coding sequence under an 
glutamme sy ^ promoter 

xnducible promoter ,e - - contemplated to be witnm 

heterologous P^^nvention. Inducible plant 

S r P I I c ude h tetracycline repressor/operator 
promoters mclud ^ promoters , 

controlled promoter, the he* defen£e 
wounding) -induced promoter, 

stress (e.g., WOUndl ^> phenylalanine ammonia 

responsive 3ene promoters (e^ P 

lyase genes) wound ir ; ^P^ genes) , chemically- 
hydroxyproline rich ce nitr ate reductase genes, 

■ j npne promoters (e.g./ "J-^- 

inducible gene y± and dar } : - 

g „ se genes, *^^-/; n S M ; aragine synthetase 
inducible gene promoters (e.g., 

gene) to name a few. tissue -specif ic and 

Organelle-specrxrc, ; plated £or 

development-specific promoter, area 

use in the present invent^ - 

included, but a« not -m ted ^ ^ 

bisphosphate carboxylase I ^ ((;RB) gene 

'"T" for" ^synthetic tissue; the 
promoters '« n gane promoters for 

various seed storage p uic glutamme 

expression in seeds, and the iT1 roo ts is 

synthetase gene ™ promoters 

de sired. Examples o g^el^ ^ 
include, out «r= n pro moter and th= 

carboxylase (KuBrsCo, ^ emto diment, the 

D1 P-tern P~ • J ^ ^ chioroplast specl£lc 
expression casseuc r 

promoter. ^ se rtes that down-regulate or 

Expressxon cassettes g are also 

inhibit expression of ^utarnxn y inventlo n. 
contemplated in ^^^^^e.t nitrogen 
This may be necessar, ora native pathway, 

a «H^iation or utilization to an altern 
e.g., an engineered pathway that is more 
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-, . hwav to accomplish this, the gymnosperm 
the natural pathway. ^ or a fragment 

glutamine synthetase gene codxng sequenc 

„Hii7pd to control the production 
ther eof may be utilized to f11 i i-ienqth 

rrrteir m one embodiment, ruil xe^g^ 
encoded protein anMe . ense oligonucleotides, 

3 antisense molecules or antxsen" g ^ 
targeted to specific regions of the enco antisense 
critical for translation, are used. Tne u 
molecules to decrease e.res, ^ levex of « 
determined gene is fcnown in the ar, P ^ ^ ^ 

0 en .odiment t h e e =1 * ^/synthetase gene 
of the antisense - e l 0 diment, an expression 

^trrhr^uresThfover-expression of the gene 

L5 suppression etrecx.- e nzyme comprises a 

^♦.^ f „r- Hnwn-^-equlation of tne eu x 
cassette for down eg muta tions in the active 

sequence that encodes a 

site o£ e„,e.^ ^ ^ ^ advantageous to 

,„ e ^ n „e, the expression cassette sue, that it encoaes . 

se q uence enabling the encoded gl »» i; » 

transit 4 chloroplast membrane and localize 

synthetase to cross the lastic GS 2 naturally 

within the chloroplast. The ch ■> , so2ymes , 
rises such a ^ — t he chloroplast through 
" r." £ ™ inclusion o* a se^ent encoding . such a 

ransit secuence, accords to ,nown m< . hod Xh s 
„„--<<-, ^a"»tte may be of particular utility m 
To u" ion transonic gymnosperms having i.ptoved 
30 nitrogen metabolism, given that the gymnosperm 

chloroplastic GS2 is not expressed is 

The coding region of the expie 
also operably linKed to an appropriate 3' regulatory 
also opera y embo diment, the nopalme 

sequence. In a prere Other 
35 synthetase polyadenylation region (NOS) is 

useful 3' regulatory regions include, but are 

t nri\ nolvadenylation region, 
to the octopme (OCS) polyaaeny « pnt 
Also provided in accordance with u.e p.— 
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invention is a vector containing the expression cassette 
of the invention. This vector may be used to maintain 
the expression cassette in bacteria, such as Ecberichia 
co l< Vectors that may be used to maintain the 
5 expression cassette in E . coU are well known to those in 
the art. The expression cassette may also have a more 
specialized function of introducing the expression 
cassette into a plant cell. These vectors may be 
specialized for the various well known ways of 
10 introducing transgenes into plant cells. Vectors that 
ma y be used for chloroplast transformation are 
contemplated in regards to the present invention. 
Examples of vectors for chloroplast t rans f --tion 
include, but are not limited to, P ZS197 (Svab and Mali a, 
15 1993, PNAS 90:915-917) . In a most preferred embodiment, 
the vector contains the nucleic acid sequences needed to 
allow the expression cassette to be stabily inserted into 
the genome of the desired woody perennial by 
Aorobacterivm tumefaci ens-mediated plant transformation. 
„ Q Ina preferred embodiment, the vector is an 

" Agrobacteriun binary vector. Such vectors include, but 
are not limited to, BIN19 (Bevan, 1984, Nucleic Acia Res 
12- 8711-8721) and derivatives thereof, the pBI vector 
series (Jefferson et al . , 1987, PNAS 83:8447-51), and 
25 binary vectors P GA482 and P GA492 (An, 1986) and others 
(for review, see An, 1995, Methods Mol Biol 44:47-58). 
in a particularly preferred embodiment, the vector is 
PBIN19 (Bevan, 1984, Nucleic Acid Res 12: 8711-8721). 

Using an Agrobacterium binary vector system, 
30 the aforementioned expression cassette is linked to a 

nuclear drug resistance marker, such as kanamycm. In a 
preferred embodiment, the neomycin phosphotransferase 
gene from pCaMVNEO is used (Fromm et al . , 1986, Nature 
319- 791-793). Other useful selectable marker systems 
35 include, but are not limited to: other genes that corner 
35 mciuae, __ istancP to hygromycm or 

antibiotic resistances ^e.g., .esistanc. y . y 

bialaphos) or herbicide resistance (e.g., resistance to 
sulfonylurea, phosphmothncm or glyphosate) . In a most 
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preferred embodiment, the vector is that shown in Figure 



Aiso provided in accordance with the present is 
a ™ e i-hod to make a woody perennial plant with altered 
5 concentrations of glutamine synthetase in its cells. 

This method comprises the step of stabily integrating the 
expression cassette with THE gymnosperm glutamine 
synthetase coding sequence into the genome of a woody 
perennial plant cell. Several ways to integrate a 
10 transgene such as the expression cassette mo a plant 
cell genome are possible, including but limited to, 
Agrobacterium vectors, PEG treatment of protoplasts, 
biolistic DNA delivery, UV laser microbeam, gemim virus 
vectors, calcium phosphate treatment of protoplasts 
15 electroporation of isolated protoplasts, agitatxon of 
cell suspensions with microbeads coated with the 
transforming DNA, direct DNA uptake, liposome-mediated 
DNA uptake and chloroplast transformation (Maliga et al . , 
19 95 U.S. Patent 5,451,513). Such methods have been 
20 published in the art. See, e.g., M^thc ^ for Plan t _ 
^^^iolog* (weissbach S Weissbach, eds . , 1988), 

J^^^l^B^L (Schuler * Zielmski, 
eds 1989); PT"^ Moleculnr Bio logy Manual (Gelvm, 
Schiiperoort, Verma, eds., 1993); and Meth ods in Plan t 

25 ^L^™-^-^^ (Maliga ' K1 r sig : 

S^eT^uTs^^ in a preferred 

embodiment, Agrobacterium-mediated transformation is 

US6d " ^bacterium-mediated transformation of plant 

30 nuclei is accomplished according to the following 
procedure: 

(1) the gene is inserted into the selected 

Agrobacterium binary vector; 

(2) transformation is accomplished by co 

35 cultivation of an appropriate plant tissue (such as leaf 
tissue in poplar) with a suspension of recombinant 
Agrobacterium, followed by incubation (e.g., two days) on 
growth medium in the absence of the drug used as the 
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selective medium (see, e.g., Horsch et al., 1985, Cold 
qnrina Harb Symp Quant Biol 50:433-7); 

SP ' (3 , plant tissue is then transferred onto the 
selective medium to identify transformed tissue; ana 

(4) identified transf ormants are regenerated 

to intact plants. 

It should be recognized that the amount of 

expression, as well as the tissue specificity of 
expressiui , i-r- 3 n=; formed plants can- 

expression of the transgenes m transf ormea p 

the nuclear genome. Such position effects are 
ln the art. For this reason, several transf ormants 
should be regenerated and tested for expression of the 

tranSgenS - Plants are transformed and thereafter screened 
for one or more properties, including expression of the 
transgene, altered nitrogen assimilation and/or 

. hHps higher growth rates, biomass 

utilization capacities, nignex y 

<- Hnher nrotein or chlorophyll 

accumulation rates, higher prote appe arance 
concentration, or changes m growth hab.t " _ 
(e.g., alteration of phyllotaxy and canopy sUuc.r 
the arrangement of leaves and branches to optimize light 
r L P tion - alterations of which have been observed xn 
the exemplified transgenic poplar) . presen t 
Also provided in accordance with the present 

invention is woody perennial plant «i th . a "«^ 
concentrations of glutamine synthetase m its cells, 
wV c- -hibits altered nitrogen metabolism. The 

ucceslful transformation of poplar (an -.ospe^ a 
a pine (a gymnosperm) GS1 gene, and the greatly improved 
Phenotype obtained thereby, indicates that nitrogen 
Ltabofism may be improved in woody Pe—e 
dramatically than hitherto expected. Accordingly, 
a though in a particularly preferred embodiment the woody 
Perennial is poplar, (specifically hybrid poplar clone 

717!-B4, Po P ulus t r«nula X P. alba, , other members 
o£ the genus Populus (which includes cottonwood aspen 
and poplar) and the family Salicaceae are ai.o pre.e^d 
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«f 1-v-p orpsent invention. In other 
for pract.ce of he pr.« perenni als are 

embodi-nents a „ * - « engineering 

COn "* la ~ = and methods described herein, 

using tne cO»P»— o- lirni ted to, angiosperm forest 

These include, but are not limited .o, y 
VZ„ such as eucalypti, willow ( Sallx SPP-^ ^ 

,-.1 p. vellow or tulip poplar igen^s 
oak, cherry, maple, yellow Liqui damber spp. 

Ll riodendron) , sweetgum, acacia, teak, Liq 
nd ^us spp., among others; ^nosper, or 

cnnirp fir, redwood, Douglas lxl, 
such as pine, s c ■ ^ ^ a3 

ZZZ"™'£ nut^earing trees and ornamental trees 

and^hrub^ ^ accordance uith the current 

mention ^ a poplar tree that has a s, a is ic V 

r,i- hiaher qrowth rate, higher proven 
significant higner ar - q pr mature 

— -r: ;; a :;--e; t . 1B . 

!eaf dimension th n r transqenic tree exhibits at 

preferred emDodimenu, .n— - months 

i t- TO* crreater growth rate during the first 
least 10 o g«-e y ormat ion as compared to 

in the greenhouse after transto 

~h rrpps of the same cultivar. uoxe 
untransformed trees or t: gre ater, and m 

forahlv the transgenic poplar is 4Uo y 
preferaDiy, <-uc ^- ric _ n ; r f^e is 60i5 

*. .fprred embodiment, the transgenic 
a most preferred emuuu ^ m ~ nt the transgenic 

greater. In a more preferred embodiment, th 
poplar additionally has at leas 10. - * ^ 
protein in the leaf tissue a Qf ^ same 

weight as comparea to -t^"-- exhibits at leas t 

cultivar. More preferably, 

154 neater protein ^ and mo P ; - -V- ^ gra „ 

dibits at lea preferred effi bodiment, 

fresh weight. map , t t ea st 10% 

the transgenic poplar additionally has a e 
neater grams of chlorophyll per gram fresh « , 

i =f tissue as compared to control trees 
nature leaf tissue a P eI ^ odime nt, the trees 

same cultivar. In a more p 

+. 15% greater chlorophyll, ana m 

have at least ioc y least 20% greater 

preferred embodiment, the trees have at 
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-chlorophyll per gram per gram fresh ««*t ^a ^.r 

, t„ nr P ferred embodiment, the trai y 
particularly preferre ^ ^ ^ mature 

additionally has at 1 ^ ^ ^ cultivar . 

le af as compared tu ^ntr _ t leas , 

^^>--r^r! pmbodiment, trie 
in a more preferred emb preferred 
15 % greater leaf area and ^ le&f area 

— «' the trees hav t 1 » 

per leaf . inreg^ ied differences is 

statistical significance varia nce (AN OVA) . 

de termined using one-way an lysi^ ^ ^ ^ ^ ^ 
This statistical test ^ test are 

and computer P = s ^ ^ level of probably (P, used 
commercially ^f 1& ernbodime nt, 0.01 in a more 
is 0.05 xn a pref erred emb preferred 
preferred embodiment, and O.OOi 

" nt The preceding description .set 

procedures invoked in P-^g - frl mentioned, it 

tbp extent una^ - h ^ , > , a o not 

± o tne ninqtration and xS noi 

is merely for purposes of lll ^ tra oth erwlse 

in tended to li.it the ^ such as those set 

i pinnina procedures, 
specified, general clonxng ^^^^ C old Spring 

forth in SanOoroo, • > -^^TlTleds . ) Cu^ 

Harbor Laboratory U 98 ^« John Wlley & Sons (1999) 

P^otoccJjLOlLJ*^^ 

are used. 

Wl^~J^ ees and other uoo dy 
The ^1^: are expected to 
perennial plants of the present i hort icultural 

£ u.riptv of agronomic ana/ui 

be of use for a variety 9 mprove d nitrogen 

purpo ses. For instance, du t th under 
Ltabolism, they may be productive! c nitrogen - 
nit rogen nutrient deficient con oh ^ ^ ^ 

poor soils and low nitrogen feti - P ^ 

w .. h rirental to the growth of wild typ 
be aetrimenta ^ adv antageously used .o 

engineered trees may 
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achi eve earner storing, faster and/or higher 

The trees and other woody planus ot tne p 
ha „ p utility as improved ornamental 
invention also have utility ^ t- hpse trees may 

varieties. In addition to faster growth 
10 have improved canopy characteristics (e.g., as 

f rom altered phyllotaxy as discu, ,sed above, h ghe 
concentrations of pigment molecules or higher 

COTt8ntS - The trees and other woody plants of the present 
l5 invention additionally have utility for fores ™ 
growing, high biomass trees have gre t econom c 

t he — - d .-« r i; r n 'pr sent invention are 
l^usef" for reforestation efforts, where 

•i nitroaen is often limiting and vigorous g-o 
20 Cent al X^-ed nitrogen assimilation also may 
JHult m higher concentrations ^^^ d 
containing secondary compounds such as the 
quinine, or compounds involved m resistance 

25 or pathogenic microorganisms inventlon may be 

The transgenic plants ot tne 
used for plant breeding or directly in silvaculture 

"ants containing one transgene may be 

phenotypes . 

The following example is provided to describe 
the invention in greater detail. It is intended to 
35 illustrate, not to limit, the invention. 
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EXAMPLE I 
Transformation of Poplar with a 
rhimprin Glnfamine Synthet ase Gene 

This example describes the transformation of 
poplar with a synthetic glutamme synthetase gene. 

Materials and Methods 

Plant materials. Hybrid poplar (Populus 
tremula X P. alba, clone INRA 717 1-B4) was maintained in 
vitro, as described (Leple et al., 1992, Plant Cell 
Reports 11: 137-141). Clone INRA 717 1-B4 was obtained 
from Dr. Lise Jouanin, Cell Biology Laboratory, INRA, 
Versailles, FRANCE 78026. 

Gene construction. A chimeric gene composed of 
the cauliflower mosaic virus (CaMV) 35S promoter fused to 
the pine cvtosolic glutamine synthetase (GS) cDNA (Canton 
et al ., 199 3, Plant Mol Biol 22: 819-828; Genbank 
Accession No. X69822) and nopaline synthetase 
polyadenylation region (NOS) was used to transform hybrid 
poplar (Figure 1). The 1.4 Kb EcoRI insert containing 
the full-length cytosolic GS cDNA from pGS114 (Canton et 
al 1993, Plant Mol Biol 22: 819-828) was isolated and 
blunt ended using the Klenow fragment of DNA polymerase 
I m parallel, the 1.0 kb BamHI fragment containing the 
neomycin phosphotransferase II (NPTII) gene from pCaMVNEO 
(Fromm et al . , 1986, Nature 319: 791-793) was excised and 
the digested plasmid was blunt-ended. The 1.4 kb GS cDNA 
was then ligated into the digested pCaMWEO to yield 
P 35SGSp. The new plasmid has a 2 . 1 kb HindlH fragment 
containing the CaMV 35S-GS-NOS construct (Figure 1). The 
orientation of the GS cDNA was verified by sequencing the 
junctions. This 2 . 1 kb Hindlll construct was then 
ligated into the Hindlll site of the Ti-derived disarmed 
binary vector P Binl9 (Bevan, 1984, Nucleic Acid Res 12: 
8711-8721). The new vector, P Bin35SGSp, was transferred 
into Agrobacterium tumefaciens strain LBA4404 by the 
freeze-thaw method (Holsters et al., 1978, Mol Gen Genet 
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163:181-187). cina i P colony 

Preparation of Agrobacterium. A ^gl- c 

ctr - iri LB a4404 containing 
of Agrobactenum tumefaciens str.ir. JSA 

....H,.,™, D Bin35SGSp, as aescnuea 
the binary plasnud — • - 1967, Current 

above , was cultured in 2YT ^ "'^Lience, New 
Protocols in Molecular Biology. "^J^ersc 
Y ork, liquid medium containing antlbiot res s P 
(200 Bg and kanamycin < mg ^ centrlfuged 

L^r.^ - ^ * ^ «=.» — 

, • , m / Qfa p below) to an OD^ 0 of °- 3 " 
mSdlUm { LocilaLon, co-cultxvat.cn, -cont^naUon, 
selection, and regeneration. When in vitro grown 

lets reached a height of 5-10 cm, leaves were 
plantlets reacneo. y for 48 hours on 

removed and pre-cultured ™ * {Murashig e 

solidified Ml medium consisting of ™ *f m vitamins 
and S.oog, 1962, Physiol Plant l> , < 
(Morel and Wetmore, 1951, Am J Bot 38. ) 

T cysteine (1 mg IT 1 ) and Bacto-agar (3 g L )• 
sucrose, L-cystexnt v ^ 

Pretreated leaves were cut into segments 1 cm X 
Preued 1 , Hir . prt iv in bacterial 

Leaf segments were placed directly i ^ 

suspension at room temperature for , h the 
sterile filter paper to remove excess bacteria ^ 
were co-cultivated in darkness or 48 h on biotic 
medium For decontamination and selection for an 
medium. ^-F or -rPri to M2 medium, 

resistance, explants were tr » s£e "^ (200 mg L -=,, 

.„ H „. of mi medium containing timentm 
(consisting of Ml ^ ^ . n darlcness . 

kanamycin (bu mg i, - , , an„ -.- - ^ - seg ments and 

Mt „ 4 weeks calli were "P«^ ™ ^ m J iun 
transferred to M3 medium , con - g ^^^^ ^ 
containing kanamycin (50 mg L ) an 
in the light for regeneration of shoots. Mt.r 
reached a height of 2-3 cm, they were separatee and 
cultured on M4 medium (consisting of Ml with half- 
length MS macronutrients, for root indue ion 
Plant culture conditions. Unless ct 
, , ,- r cultures were maintained in a constant 

n °" eQ ' ; Tacility at 24° C and provided with low light 
temperature facility au 
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, -■> spr 16 h photoperiod, General Electric 
( 30 mmol m- sec , lb P ^ ^ nc&d , 

COOl - WhltS T°TZ f - and control plants were 

transf errea tu a ^ t ^' g plants were supplied 

5 (Scotts Co., MarysvUle Ohx, U£ *> si;< weeks . 

"••r.rrr;,::: ™ »»;, 
- — r .-Jits ;':.:"=:7.= »- 

were ground m a morta 

0 ^rro^fv-o^pHB.O. -ratio 

mercaptoethanol, 10, glyce ma tenal was 

of extraction buffer to glass beads t p ^ 
,. 05 .1 Extracts were centrifuged at 2., 
supernatant used for G S activity and protein 

Total soluble proteins were separated by 
polypeptides. Total so P [ltinuous buffer 

SOS-PAGE ao^cry a^de - »g ^ 

system of Laemrt^ »- - coomassl e-blue stafnrng 

20 -lypeptrdes wer . su ar -ed^ ^ ^ _ ^ in 

t0 rfan P tlrns were electro-transferred to nylon 
Tlterrand G S polypeptides wer. .J. ^ted = ^ p ^ 
poly clon al trbodies r : rsed ; g r t 93: 

25 GS (Canton et al. ( • subsequent 

Protel n "ottin ? . « - ^- shing steps „ ere 

incubations with he ant ^ ^ ^ 1995> 

performed as describe — - detected 

Planta 197: 324-332). ™ un0 - CWl '^ 1 in"wit h a molar 
30 with peroxidase-con.ugated —o 9 » » 
ratio of peroxidase to immunoglobulrn of 3.. 

— "^rl:^ and — 

™ - TeHi ^^r:,:^- - £ 

35 De llaporta et • P ^ £rom 5 g of 

e P u- " t- ouanidine throcyanate method as 
else be ^ -here (A usubel et al., 198,. Current 
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Protocol in Holecuiar Brolo g y. .He, -«rscrence Hew 
Vor k , . southern and Northern blot, were « rned ou 
f ol!owin, standard procedures . e UU 

sup xa, and hybridized with , e- - tranded 
r-Q ,nNA (1 4 kb) (Canton et al., 
' " ■ Blt^a, , .ade usin 9 the random pri.er .ethod. 

rirt^hondriai B - M P synthase probe ^"^ana a 

• ' ffl ii' s nf 1 25 kb (Boutry and Chu a , iy»=>/ 
^"l^wa/Led as controi in Northern biot 

0 experiments cation o£ gen o m i= poplar D»A two 

• „ 5 ._ TGT TGATGCCCATTATAAGGCTTGTCTCTA-3 
rsEo"!"^ 1 ! »* 5' -GGTCGTCTCAGCAATC-AT-3' <S EQ ID 

, .ere constructed, sense and antrsense sequence , 
\- ,„ „f the pine GSlcDNA (Canton et al., 1993, 

5 7Z^™ *?^™- — -rr; n %r cted 

size o£ the w » f rcation product « ^ - ; -- ^ q£ 
reactions contained » o f tot. , ^ ^ ^ 

20 rd'xfr-Ap-or^are^oehrrn.er, Keact.cn matures 

were rncubated in a ^ -.J - ^J^, 2 

f0ll °:1 2 = C -nl^ 5 ratN^.' PCR ampir.ed 
7° g Z2 were analysed by usrn, standard protccois 
25 (Ausubel et al., 1937, supra) . 
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Results 



Gluten* synthetase poiypeptides in leaves of 
hyb.d pop-. » order to deterge the pattern^^GS 

ce"/ U^ -P* and areas enriched rnvascula, . t ssue 

i d Proteins were then separated by SLb 
(petxoles) . Protei Sf and probed with 

transferred to nitrocex q lutamine 

polyclonal anybodies raised against the pin^^g ^ ^ 

synthetase (Can on e a ,e, ^ ^ patcern 

Photosyntnetxu u-l.^u~~ 
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, ■ , hP 45 kD polypeptide characteristic of the 
enrlChSd ™ * whereas vascular tissues (petioles) 

chloroplastic GS2, ^ abundanc e of 

show a Patte, r ch. cter e^^v ^ ^ ^ 

seller 4U po^P ep- - ^ in thel r cell type 

5 Sl Tnt the chlor op astic and cytosolic CS polypeptides 
content, tne cniui^ . th pro tein 

ar e also detected as secondary ^»£ t Tlp 
extracts prepared fro* petioles and leaf tip 

™^ t1 ™^. fusions and translation of nyfcrrd 

D Bin3SSGS P > containing a enteric GS gene con 
rans erred ,i. Agxooacteriu. to !eaf segments of 
transrerieu » ,1^™,^ 1). The ge 
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transferrea via — (Fiaure 1). The gene 
receptor hybrid poplar plan s ( P^oure ) ^ ^ ^ 

C ° nS : rUCt e tT 1S 9 3 Piant Mol Biol 22: B19-B2S) under 
(Canton et al., . 35s promoter and 

4. i the cauliflower mosaic virub J-^ ^ 
control or tne ccmx rr,- n w jri DNA- 

i f 3 hiP marker. Kanamycm-resistant 
Tar! reiSfd ^ Plants regenerated using standard 

protocols. _. nome 0 f transformed 

Pine GS1 sequences m the genome o 

4-^^ nrpqpnce of tne 
i»r- nlants To determine the presence 
poplar plants. kan amvcin-resistant poplar 

transgene in the genome o ^ ^ ^ 

plants, total DNA was isolated from 
m olecular approaches were conauc ted ^ P~ 
blotting and PGR amplification. For Souther 
blotting independ ently transformed poplar 

genomic from P restrictlon 

transgenic lines was digeste ^ ^ 

fraamerts separated on an agarose gel, and p 
fragments v southern blots. A 

radiolabeled 1.4 kb GS1 cum H indIII- 
hybridization signal corresponding to the 2 

fragment of the chimeric -^J^^ t5 ™ ly.-a. 
-tected in all the anamy - * s a n ^ _ 
No hybridization witn labeled pi- 
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n digests of genomic DMA of control, non-transgenic 

plants . . nf n ; np 

To further demonstrate the presence of pine 

sequences in the poplar genome, the DNA of four 
5 transforming lihes was selected for PCP analysis 

specific amplification was undetectable in control plants 
whereas an amplification product of the expected size 

, was obtained using DNA fro. the transf ormants as 
L te. The above data clearly indicate the presence 
10 of the introduced GS sequences in the selected transgenic 
clones. The copy numloer of the introduced gene was 
estimated by Southern blot analysis; four transgenic 
lines containing a single copy of the transgene per 
genome were selected for molecular and biochemical 

IS characterization. 

Molecular analysis of pine GS1 expression in 
transgenic poplar. «e next examined whether or not the 
introduced pine GS1 gene is expressed in transgenic 
oobla^ Total EKA was isolated from the selected 
2 0 t Z genie poplar and controls, separated on ^ma «ehyae 
gels and blotted onto Nytran filters. Northern blots 
probed with radiolabeled pine GS1 CDNA revealed 
expression of the pine GS message in all transgenic 
fines. No message was detected among total Fm isolated 
from non-transformed controls. As an internal control, 

^ hiahlv conserved/ 

the coding sequence for tne nxynxy 

oLtitutively expressed .itochondrial ^ 
qere - - (Boutrv and Chua, 1985, EMBO J 4:2159 

2165) 'was labelled with »P and used as a probe 
Detection of B-ATP synthase gene expression in both 
controls and transgenics indicates approbate 
hyb ridization conditions and equivalent loading or 

gSlS " GS protein levels were studied to further 

35 characterize the expression of the transgene. Extracts 
of total proteins were prepared from whole leaves of 
control poplar and leaves of transgenic lin. ». separa ed 
on SDS-PAGE, and immunoblots developed using po^c.ona. 
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anybodies raised against the recombinant pine GSl 
(Canton et al . , 1996, FEES Lett 393: 205-210). In 
Control, non-transformed leaves, the Mj or GS polypeptide 
dete-ed corresponds to the 45 kD chloroplasac o=>2 . 
5 H^ir, in leaves of four independent transformed lines, 
a second major GS polypeptide is detected a t 41 *I, whi 
corresponds in size to the introduced pine GSl. As 
additional control, total protein extracts 
cotyledons .ere also assessed and showed a singxe GS 
n oolVPeptide corresponding to the 41 kD GSl. 
° P ° YP P To confirm these data, protein extracts from 
tissues enriched in either photosynthet ic (leaf tip) or 
vascular tissues (petioles) of control and trance 
poplar were subjected to western blotting analysis. . 
L5 L clear that the major GS polypeptide in vascular 
bundles of non-transformed poplar is the 0 kD GSl 
whereas in the same tissue transgenic poplar contains 
endogenous 40 kD GSl and an additional polypeptide 
corresponding to the 41 kD pine cytosolic GSl 
~ ^ ^ , , ,_,_ W7 „^Ho^i r tissues Oi Hun 

on nnlvoeptide. Moreover, m pnotosynthe ac _ssj 

20 "Hie controls the ..o, polypoid. detected rs a 
45 KD polypeptide corresponding to the poplar GS., while 

Photostatic tissues o £ transgenic poplar Unes, an 
additional major GS polypeptide is detected at 4 
25 corresponding to the pine cytosolic GSl. These data 
25 correspond y pynressed in both non- 

suggest that cytosolic pine GS is expressed 
photosynthetic and photosynthet ic poplar cells 

To confirm the ectopic expression of the 
cytosolic GS polypeptide in transgenic photosynthetic 
30 cells, protein was extracted from control and transgenic 
leaves in which midribs were removed to minimize the 

f „« r „Ur elements expressing endogenous 
presence of vascular eitjmen- r ^ 

cvtosoiic GS. The western blot analysis or these 
ft/acts showed that only GS2 polypeptide i ; , da tecte in 

35 control plants, whereas both chl °^ laStl ^ S2 ^J/^ 
cytosolic GS polypeptides are present m the extract 
prepared from transgenic poplar leaves. 
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Example 2 Tran saenic_PoElar 

Pheno**^^^ 

The example describes the pheno^c ^ 
characterises of papl« ™sformed wxtn 
alutamine synthetase gene. 
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Materials and Methods ma terial used 

The plant material. The p 

was a hybr.d poplar (Populus -emula^P. ^ 

— ™t supplemental 

nitrogen or other amendments. ieaves from each 

Protein extraction. 0.4 g prot ein 

v i ^ n ^ were around m 

development stages of each ~ ^ ' 2 m EDTA, 10 

extraction^ < 50 ^ , . The extracts 

,* 2-nercaptoethanol, 10 c, V ^ supernatants were 

„ere centrifuged at 22,000 g ^terminations, 
used for GS activity and P"" glutathione 

GS activity d- «° " follouing establi shed 
synthetase activity was assayed Y ^ 3 

(C anovas et al, 1991. the transg enic and 

replicates. The ^"<««««^ ull| analyzed with T- 
n on-transgeni= plants f e \ ra igenic lines were 

ThP differences between 
test. The am _. Hance analysis. 

ioLai . ^ * v^x7 the method 

The protein content was Biochem 72: 24 8-254) 

described by Bradford (19/ , re plicates 
using bovine serum albumm as standard 

were used. determination. 0.5 g of 

Chlorophyll content deter 

ot- parh development stage 
fully-expanded leaves at each d ^ (v/v) 

transgenic lines and controls were ^ ^ 

aceton e. The total * 1 «°^ 1 t 1 rl ^ lly Uadmg at the 

determined by specuj- f 
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^ nrt 1984, J Biol 

ahsorhance 664 - and 64, » [^iVe l'^. 

Height measurements. 

^ rnirure room muu t^e 

t^n^fprred from the cunuit: 
piants were h measurem ents were .uade 

5 greenhouse, the neigat y nar ,*-«, we re measured 

y 4r to t-ransaenic plants were 

W ee k ly. A total o « ^ J omation events) and 5 

(represents 22 rndepend di££ere nces between 

non-transgenrc ^on-Lnsgenic plant, were 

tn e transgenic p n and ^ bet „ een the 

0 r.»^i= ™» ^is t.callv analysed wrtn 

from the apex down, of the 22 tr 9 transferr ed to 
controls s -nth S/f t r the pl.nt.~r ^ ^ ^ 

the greenhouse. « tea. " _ e contr ol plants 

20 22 transgenic Unes anc ,0 -ves ^ _ 

counted 2, 3 and 6 m numbe rs of IB 

transferred into greenhouse Leaf * es and 5 

transgenic plants represents ^ ™ lea£ was 

25 control plants were <^™ e ngtn width and shape of 
calculated according to the len , t was 

th e leaf. TKe total pho oj, > h P ^ ^ the 

calculated according the a._ . 
average leaf number per plant. 
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RSSUltS G s activity, proton and chlorophyll contents. 

Th e drfferfnce t » the OS act.,, ^ transgen. 

lines and control plants rs s .trst^ ^ 

(Table 1). The GS activity , p< 0 .001). 

^^HsticallY significant . 
lines is also statistically y GS activity is 

, > , rarcg .ni C lines, the highest 
Among the transg-.-c- 24 ! n kat/gfw. 

50.95 nkat/gfw, and the lowest is 24.1 
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The difference in the chlorophyll concentration 
hetween transgenic control plants is ^ ^ 

,„ f ■.Hrallv significant (laoie x ; . 

, h e chlorophyll contents of the transgenic une, xs a_ 
the cn±uL ±j y The range 0 f 

i statistically significant (P < O.uui, 

chlorophyll concentration of the transgenic lines 
787.2 ug /gfw to 438.6 ug / gfw. 



10 



contents between transgenic anu ^ 



GS activity Protein content 

(nkat / gfw) ("9 / 9 fw » (ug / gfw ) 



Control 



22.2 
36.8 



5132.5 586 * 1 



Average of 

15 transgenics (33 _ 4%) 101 . 9 (21.0 %) 

Transgenics > H, ° 1 " 

control 



20 yi.U^Ai... »nd =o„t C ol pl«t. -r. 3 

replicates . 

The difference in the of soluble protein 



25 



1 ux^^>— " 

content between the transonic lines and centre W > - 
is statistically significant (Table 1) . The differences 
1 he total soluble protein contents », transgenic 
n is also statistically significant <P< 0.001, 

v^rrh^c-t total soluble 
An,ong the transgenic lines, the highest tota 

otein content is 7069.2 ug/gfw and the lowest is 3845. 



pro 

30 ug/gfw. 



Height growth of transgenic and control plants. 

Two .onths after the plants transferred fro, the culture 
rM , to the greenhouse, the average height of the 2 
transgenic lines was 76% higher than the control plants 

During the first 5 months in the greenhouse, 



35 (Figure 2 



The 



all 22 transgenic lines grew taller than controls 
difference between the transgenic lines and the control 
plants are statistically significant (Table 2, . 
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Table 2 

Poplars. 

Age 
1 Month 



3 Months 
5 Months 
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Net Height Growth of Transgenic and Control 

Transgenics > Controls 



10 



15 



20 



25 





Average 




Height 


Transgenics 


16.4 cm 


Controls 


10.9 cm 


Transgenics 


82.7 cm 


Controls 


62.7 cm 


Transgenics 


12 0.2 cm 


Controls 


10 0.4 cm 



5.5 cm (50.5%) 
20.1 cm (32.0%) 
19 .8 cm (19. 7%: 
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P < 0.001; **: * < U - Ui . tEansq enic plants represnting 

A total of 5 controls and 78 transgenic transgen 
22 transgenic lines were measured. 

After the first month xn the greenhouse, the 
.eights of the transgenxc plants range fro, 19J, cm to 
111CB The tallest transgenic line is 3.5 era (21.3 ) 

I er ihan the average height of transgenic plants, and 
9 d (82.6%) taller than the average hexght of non- 
9.U cm ^ rmr^^^ in qreenhouse, 

transgenxc control plants. After , mon , 
the heights of the transgenxc plant, r.nge 
to 69.0 era. The tallest transgenxc Ixne is 10 6 cm 
(12 8%, taller than average height of transgenxc plants, 
nd 30 6 cm (48.8%) taller than average height of non- 
^ , After 5 months in greenhouse, 

transgenxc control plants. After 

1-hP tallest transgenic line is 133.2 cm, whxch xs 
the tallest tL«* y transqenic plants, 

/in R°- ) taller than average hexght of transgen 
(10.8.; tauer -., pra «e Waht of the 

~ „ /to taller tnaii average ^ 

and 32.8 cm (32./°) ^uci- 

control plants. transferred 
Two weeks after the plants were transferred 

from culture room to greenhouse, weekly hexght 
I Irements were made up to 6 months. The net ^ grow h 
wa s. calculated, and graphed versus days the p ants 

fvimir-p 3) During the first 4 
been in greenhouse (Fxgure j j . * 

Jnths, Ith the t — c ana contro! 

£aste r g rewth c«*.»d with — ; - e » h on „ ols 
However, the transgenic plants grew faster 
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durina the 6 month greenhouse period. 
= times during UiAt= rtHF 

lM f lengths, widths and areas of 
Average leai ±engt-"=, 

n i =T ,f«i Thf> leaf lengths and 
transgenxc and control plants. Th ^ 

mcsqnred on 5 month ola pxirn-s. ^n. 
widths uer e — ed , t0 the leaf shapes. 

5 the le aves was calculat in ^ len g t hs, 

The results showed that th cQntrol 
uldth s and areas between h ; tran^ ^ ^ ^ ^ 
plants are statistic y ^ ^ 

o£ transgenic plant . 1 ^ ^ ^ largest 

10 o£ the control plants (Table 3) h ^ 

lea «s from the transgenic plants is 61.. 
46.1% larger than control plant leaves. 

, „f lenaths, widths and areas per leaf 

Table 3. Average leaf lengtns, 

15 of transgenic an -- Plants. -„„, nro ^, > c^IT 

X ^ • Average r — . 



Lengt „ Transgenics 12 2- 

uontruis 
Width Transgenics 8 . 6 cm 



1.7 cm (16.5%) 
0.7 cm (8.9%) 



on Controls 7 - 9 cm „ & , 

20 • 51 9 cm ; * 10 "° cm " (25 ' 4o) 

Areas Transgenics 51. y ™ 

A . 1e 41 9 cm- 
Conrrols 
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were measured. 

Aveta3 e leaf nUKfcer per plant of transgenic and 

ts Rt2 3 and 6 months, the leaf numbers 
control plants. At resu lts showed that 

(nod e number, were determined. 1 and control 

differences In leaf number between 

was 28.7 .ea t 3 mon ths, tne 

the leaf nuKOoer of control plants. leave£/ 
highest leaf number of a transgenic une ~ - 
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, ,_ hp leaf number of 
• v, ■ m c > (38 2%) more than tne i^i. 
WhlCh 15 ts the tallest transgenic line had 

controls. At 6 months, the 

- v nr average, which is 6. J (14.'<.-) 
49 .3 leaves per plant xn a.erag , ^ 

mor e than the average leat numoer ^ 

^ ippvp^ per transgenic and 
Table 4. Average number of leaves per 

control plants^ , 



2 months 



10 



Transgenics 
Controls 




15 



3 months Transgenics 
Controls 

6 months Transgenics 
Controls 



35.6 
27 . 5 



48 . 0 
43.0 



.1 (29.5 %) 



5.0 (11-6 %) 
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V** s P < 0.U01; **: V< u - 01 ; _ e counte d 2, 3 and 6 months after 

The leaf nurrbers (node numbers) were ^ numbe rs of 78 

Sants transferred into greenhouse £ 1±nes and s control 

transgenic plants representing - 
plants were counted. 

Total photosynthetic areas par plant of 

^ i ni^nts Six months after the 
transgenic and control plants. avpraae 
transferred to the greenhouse, the average 
pl ants were tran err calculated according to 

photosynthetrc r Pe e le&f nunber of 

the average area per leai 

plant The results showed that the average 
^ . t ,. a ... per transgenic plant and per control 
photosyntnetic a.e„ P- „. De ..t ively . The 

plant were 2491.2 a- and 1801.2 cm , re.p-.-ti 
'transgenic plants have SSS.S cm' 

photosynthetic area per plants than control plants. 

The present invention is not limited to the 
■ , rte,cribed and exemplified above, but is 

r" and modification 

from the scope of the appended claims. 



